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Estimation of Personal Exposure to Tobacco Smoke with a 
Newly Developed Nicotine Personal Monitor 

Motohiko Mukamatsu, Setsuko Umemuxa, Takashi Okada, and 
Hideo Tomtta 
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INTRODUCTION 

In studying the influence of passive smoking. it it fundamentally important to 
determine the aciual level or personal exposure of nonsmokers to tobacco smoke 
in their usual living environments 

In previous studies, the level of passive smoking has been evaluated on the 
basis of concentrations of (a) indoor air pollutants such as particulate matter (9. 
20). CO <2, 5.9, |9, 20). and nicotine (2. R. 9. 20) measured at a fixed monitoring 
station, and (b) some constituents in biological samples such as COHb (1. 6. 9. 
U, IS), blood and urinary nicotine (4, 6. 16). and urinary hydroxyproline. HOP 
(12). However, these methods art not accurate enough to evaluate quantitatively 
the actual level of personal exposure to tobacco smoke, because (a) concentra¬ 
tions of paniculate matter. CO, COHb. and HOP are affected by other ait pol¬ 
lutants as well as tobacco smoke ; fb> inhaled nicotine is reduced by half in a short 
lime in the human body (IS), though nicotine is specific for tobacco smoke: and 
(c) fixed monitoring does not entirely represent the actual level of air pollutants 
that people encounter in their daily lives. 

In the present work, a pockeuMe personal nicotine monitor specific for tobacco 
unoke has been developed and applied tp the estimation of the actual level of 
passive smoking in the usual living environments. The results showed that the 
amounts of tobacco smoke inhaled by aoaimokers were very small compared 
with those of aetive smokers. 
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Fc I. Dcitilt of sampler lube 


MATERIALS AND METHODS 

Personal nicotine monitoring system. The methods so far used for the deter¬ 
mination of ambient nicotine (2. 3. 8.18.20. 21) art inadequate for the evaluation 
of personal exposure to nicotine from the viewpoint of sensitivity and facility of 
measurement and portability of sampling device. The new)) developed nicotine 
personal monitor has overcome these defects as described below. 

The personal monitor consists of a sampler tube and a small, light-weight sam¬ 
pling pump (about 340 g) with a mechanical counter for obtaining total sampling 
volume The personal monitor can be carried conveniently by a person throughout 
a sampling period The details of the sampler tube are shown in Fig. 1. The 
sampler tube, made of Pyftx glass (12 cm long. 6 mm i d ), contains 430 mg of 
Unipon-S (60 - 80 mesh) coated wiih 10 wt* of silicon OV-17 as a nicotine ab¬ 
sorbent. This absorbent was selected after several trials. The sampler tube packed 
with the absorbent was aged at 31(TC for more than two days by passing nitrogen 
gas through the lube at 40 mi/min. 

Using the personal monitor attached to a nonsmoker, ambient nicotine was 
collected on the sampler tube by drawing environmental air through the tube at 
a flow rate of 40 ml/min for a period ofl to 8 hr unless otherwise specified. After 
the collection of ambient nicotine, 5 yJ of n-propanol solution containing 400 ng 
of 7-methylquinoline (7-MQl was iiyecied into the sampler tube as an internal 
Standard. Then, the sampler tube was placed in a cylindrical furnace heated at 
2#0*C and one end of the tube was quickly connected to the iryccuon port of a 
gas chromatograph (GC) via a needle with ■ side hole and the other end to the 
carrier gas bypass shown in Fig 2. Passing the carrier gas through the sampler 
tube, collected nicotine and 7-MQ were desorbed and directly transferred onto a 
GC column. Thermal desorption was allowed to continue for 8 min. while the GO 
column temperature was held at 70*C during the desorption period in order to 
trap and concentrate both nicotine and 7-MQ on the lop of the column. During 
the first 3 min of thermal desorption a small amount of ammonia vapor was added 
three times into the carrier gas by bubbling the carrier gas through 33 wrSt am¬ 
monia water for 8 sec. once per min. The addition of ammonia vapor is effective 
for thermal desorption of nicotine and 7-MQ against the acidic property at Uni- 
port-S. 

A Teflon scaling tape used to bring the needle and the sampler lube into tight 
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contact wu treated at 320*C before use until ■ ghost peak attributable to the tape 
disappeared on the tat chromatogram. 

Co: diromaiotraphy. A Hitachi 663-30 CC equipped with a nitrogen-sensitive 
detector was employed under the following conditions. 

Column: 2 m x 3 mm i d glass column packed with Chromosorb W (AW- 
DMCS. 30-60 mesh) coaled with 10 wiS of P£G-20 m and 2 wt^ of KOH. 

Column temperature: initially maintained at ?0*C for 8 min and then pro¬ 
gramed to 165*C at 4fc*0'min and maintained at J15*C until completion of elution. 

Detector and injection temperature: 30CPC. 

Carrier gas: nitrogen; 80 m^min. 

Additional gas: nitrogen: 7.5 ml/min; air: 75 ml/min: hydrogen: 1.5 ml/mjn 


Scad current: 1.55-1.60 A- 

Tbe time required for GC analysis per test sample is about 20 min. including 
the thermal desorption period Peak areas on the gas chromatogram were mea¬ 
sured with ■ digital integrator dakedariken Inc. Co. Lid.. Model 2213). 

Calibration carve. Tlx calibration curve of nicotine was prepared by use of a 
senes of n- propanol solutions containing widely different amounts of nicotine (0- 
100 ug/ml) and a constant amount of 7-MQ (80 |i*/mi). After the injection of 5 id 
of each solution into the sampler tube, nicotine and 7-MQ were desorbed and 
directly transferred onto the GC column for analysis as described above. A plot 
of the peak area ratio of nicotine/7-MQ to the amount of nicotine gave a good 
linear hoc over a wide range of nicotine from 0 to 500 ng. * 
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Ptnonal.iampling pump. A MDa BOS (MDa Scientific Inc.) personal sampling 
pump was used The sampling volume per stroke of ihe pump was calibrated for 
the individual sampler tubes under actual operating conditions, using a gas flow 
meter (5hinagawa Keisoku Seisakusho Inc.. Model WK.-0.3) 

RESULTS AND DISCUSSION 
Collection Efficiency of Ambient Sicotine 

The collection efficiency of ambient nicotine on the sampler tube was examined 
by drawing environmental air at 40 or 100 ml/min for 8 hr through the two sampler 
tubes connected in series Table 1 shows the amounts of nicotine collected on the 
first tube. A, and the second lube. S. as well as the collection efficiency of 
ambient nicotine per sampler lube. The collection efficiency was calculated from 
equation (A - BKA by assuming that the amounts of nicotine collected on the 
individual sampler lubes connected indefinitely would be represented by a geo¬ 
metric progression. 

More than 9€.JSt of nicotine was collected on the first tube regardless of sam¬ 
pling rate examined except for one sample, while the amount of nicotine collected 
on the second tube was negligibly small. 

Stability of Nicotine Collected on Sampler Tttbt 

Afler the injection of 5 pJ of n-propanot solution containing 100 ng of nieotinr 
into the inlet portion of the sampler tube, nicotine-free air was passed through 
the tube at 40 or 100 ml/min for 8 hr to determine the stability of nicotine on the 
absorbent during a sampling period. 

The results presented in Table 2 show that the recovery of nicotine after aer¬ 
ation is close to 100% regardless of aeration rale examined. 

In a separate experiment a sampler tube containing 100 ng of nicotine was 
purged with nicotine-free air or nitrogen gas and then stored for 4 or ? days ml 
room temperature to determine the stability of nicotine on the absorbent during 
• storage period before GC analysis. 

The results summarized in Tabic 3 show no significant difference in the recovery 
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of nicotine among the samples stored for 4 or 7 days in different atmospheres. In 
any case the recovery it over 98% in average. 

Such a high collection efficiency and stability of nicotine on the absorbent 
should be attributable to the acidic property of Unipori-S. 

[ifsorption Ejfleirruy of Nitotiot from Sampler Take 

A mixture of 100 ng of nicotine and 400 ng of 7-MQ dissolved in 5 yd of n- 
propanol w»s injected into the sampler tube and then directly desorbed onio the 
CC column by heating On the other hand, as a control experiment the same 
amount of the mixture was directly, i.e., not via sampler tube, injected into the 
CC column, tn both experiments CC analyses were achieved under identical 
conditions'. The recoveries of nicotine and 7-MQ thermally desorbed from the 
sampler tube were determined by comparing their peak areas with those of the 
control experiment. 

The results art summarized in Table 4, which shows that the recoveries of both 
components increased to over 96% by the addition of a small amount of ammonu 
vapor in the initial period of thermal desorption When no ammonia vapor was 
added, recoveries of nicotine and 7-MQ were reduced to about 6$ and 95%. 
respectively. Such improvement of thermal desorption efficiency by addition of 
ammonia vapor is also attributable to the acidic property of Uniport-S. 
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influence of Sampling Rate on Measured Value of Nicotine Concentration 

Three person*] nicotine monitors were placed in the center of a closed chamber 
polluted with tobacco smoke. Nicotine was collected simultaneously at three 
different sampling rates. 40. 100 and 200 ml/min, for 15 min either with or without 
a forced wind from an electric fan. The amount of nicotine collected on each 
sampler tube was measured and corrected for respective sampling volume to 
obtain the nicotine concentration. The results shown in Table 5 art expressed as 
relative concentration, where the value obtained at a sampling rue of 40 ml/min 
was taken as 100. 

Tkble 5 clearly shows that the measured valut of nicotine concentruion is 
independent of sampling rale whether there is a forced wind or not. For panicles 
larger than I jun, the concentration in the sampling stream entering the Sampling 
tube is dependent on the velocity ratio of the sampling stream to the environ- 
menta! stream, when there is a velocity difference between the two streams (7). 
However, since tobacco smoke particles suspended in environmental air is gen¬ 
erally smaller than 0.5 jim (10), the nicotine concentration in the sampling stream 
should be essentially independent of the sampling rate and the environmental 
stream, as demonstrated in Table 5. 
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Changes in Ambient Nicotine end Paniculate Matter Concentration 

An example of changes in concentrations of nicotine and paniculate matter 
measured at a fixed station in a ventilated office is illustrated in Fig 3. Paniculate 
matter was moniiored continuously with a respirable aerosol monitor (!7>and the 
average value in 15 min was plotted, while nicotine was collected at 30-min in¬ 
tervals at a sampling rate of 200 ml/min. The profile of change in nicotine con¬ 
centration was fairly comparable to that of paniculate matter. Nicotine and par¬ 
ticulate matter reached maximum concentration at the beginning of office hours. 

Advantages of Nicotine Personal Monitor 

The range of accurate measurement of nicotine was from 5 to 500 ng per sam¬ 
pler lube For example, if air samples are withdraw n at a rate of 40 ml'min for 1 
hr. the personal monitor is applicable lo the measurement of ambient nicotine 
ranging in concentration from 2 to 200 p^m*. This sensitivity is about 10-100 
times as high as that of previous methods (3. IS. 21 > utilizing wet processes. Of 
course, sampling rate and/or sampling time should be changed according to the 
concentration of ambient nicotine. The other principal advantages of the monitor 
can be summarized as follows. 

(1) The monitor is lightweight, compact and pochetable. 

12) The sampler tube can be reused afier desorption of a test sample. 

13) Direct thermal desorption of hieotine from the sampler tube onto the CC 
column simplifies and speeds up the analytical processes. 

<4) Since mo preireatmem of analytical sample, except for the addition of 7- 



Fc ) Typical prafrei at cttmfn m ceacnimiom of ambirnt mkottnt and paniculate flutter. C, 
Nicotine. •. hnculatt Matter. 
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MQ. i» involved before GC analysis, the simple is free from possible coetami- 
R*Uon by nicotine from glassware. solvent, etc. 

Evaluation of Level of Passive Smoking i» Various Living Places 

Using (be person*! monitor attached to a oonsmoker, nicotine concentrations 
io various living environments were measured. The results are summarized in 
Ikbic 6. ‘‘Amount of nicotine inhaled per hour’* shown in the fifth column was 
estimated by multiplying nieotin* concentration by respiration volume, 0.48 mV 
hr. “Equivalent cigarettes smoked per hour" shown in the seventh column rep¬ 
resents the level of passive smoking based on the amount of nieotine inhaled. 
These values were obtained by dividing “amount of nicotine inhaled per hour 
by the nicotine amount inhaled by active smoking of one ordinary cigarette. 0.9 
mg 

The coneeniration of ambient nicotine in various living environments was found 
to be in the range of 1.8 (in a laboratory) to 83 sig'm’ (in a car) as far as we 
.examined the'matter. Therefore, the amounts of nicotine inhaJed by passive 
tmoken in their living environments could be estimated to be in the range of 0.9- 
40 tiglir. These amounts are equivalent to those inhaled by active smoking of 
about 0.001 -0.044 ordinary cigarettes in one hour. Avenge amounts of nicotine 
passively inhaled in cars, tea rooms, and conference rooms eaceeded 15 Mgltr. 
Yet, even in these instances, passive smokers will rarely inhale more than 4J *ig/ 
hr of nicotine, corresponding to active smoking of about 0.05 ordinary cigarettes 
in one hour. 

Weber and Fisher (20) found very k>» levels of nicotine of 0.9 s 1.9 ug/m’ on 
average in various workrooms. Hinds and First (8) measured nicotine eoncentra- 
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tioal rxfiging from I D to 10.3 pig^m 1 in v snout public places uwl estimated that 
the oonvmoi.tr inhale* tobacco smoke equivalent lo active smoking of 0.001 -0.0! 
filter cigarettes in one hour. Similarly Bad re n al. (2) found that indoor nicotine 
concentrations were mostly less than SO jag/m 1 . 

The results shown in Table 6 arc broadly consistent with those of Hinds and 
First, and Bad re et al. Thus, the amount of tobacco smoke inhaled should be 
very much smaller for passive smokers than for active smokers, as previously 
pointed out by KlosterkMter and Gono (I I). 

Hugod tt al. (9) demonstrated that nicotine concentration exceeded 100 pag/m 1 
in a closed, unveniilated smoky room in which CO concentration was held at a 
high constant kvet of 20 ppm by intermittent addition of freshly generated smoke. 
According to their estimates, at even such » significantly higher level, passive 
smokers must spend SO hours in the room to inhale the same amount of nicotine 
as it inhaled by the active smoking of one cigarette. Asano (1) estimated that a 
noosmoker exposed experimentally to tobacco smoke produced by 10 cigarettes 
per hour in a poorly ventilated room will have blood COHb level equivalent to 
smoking of one cigarette in one hour. In both experiments, however, emoke 
concentration » unrealistically high and will not represent the level that non- 
smokers usually encounter is their living places. 
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